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Materiel on the plastic deformation of ico wes presented to us 'in the -
preceding article. It was showa that the plastic deformetion of ice, aven . .
in the case of small load, leads in time to breakdown if the temperatura of-
the 1ce 1s 0° G, :

ice 1s great, ice cen
In such cases, plastic de-
¢ and broskduwn 1s chiafly

In thie articls, experimental data 18 furnished eorcarning tho relation
of tha load csusing breskdomn to the thickness of the ide and to the ares
of load distribution., The experiments wera csrried out witk short-dursticn
loads, The problems touched upon in this raport have -ractical importance
and have not yet baen Livestigated to the extont they warrant.

Exnerimental Method

Exporiments with the breakiomn of ice were carried out vith the enuip-
ment deseribed in the preceding articla, It permitted appiiention of the
8ame pressure to the ice, with tidifferont, «18tritir.ion of the load, Tnis
was done by givihg the support 1t the erd of the rod a difforent srea in
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different experiments. The supports ussd were chonits end metal disks with
diameters.of 5 and 20 em, and squares-with sides-wesuring from'20 to'65 om.

For loads, we used a set of metal blocks weigh'ng from 5 to 80 kg.
The loads were applied as rapidly as possible in a siort time before
breakdown began, The breskdown load was always welghad without weight
holders. : : i

Besults of the Experiment

After sufficient load hed been applied to the ica, radial orscks
devolopsd, snd irreversible deformation was noted. Cricks developed in
the center of the depression and spread outvard in a sorles of racii. The
formation of radisl oracks does rot mean that breakdown will teke place
immodiately thereafter. At the same time, the ice retai g capacity to .
“withstand considorably greater weight. Finally, after s zertain emount of
vwelght was applied, circular cracks formed, and breekdown took place simil-
taneously. The development of radisl cracks wag easily olierved, but the
oliroulsr crecks formed almost instantaneocusly. The circulir cracks wers
not completely closed, although they did approximote trus tirclas., In
gome breakdown experiments, with the excaption of the mein :racks shown '
schom*deally in Figure 1 (appended) a £ine notwork of fatny sedtss s
ciroular cracks was noted, covering the entire fee field. iithin this
area thore was not so much as a 8pace of one square centimeler left free -
of these cracks. ’ ) i

Vith a given thickness of ice, the load under which brea.down ocourred
dependad on the "specific pressure" on the ice =-"that is, on e area of :
the support through which the vressure was transmitted. . Tablo \ gives this .-
relationship for lce With o thickness of 1.5 om. L TS

bda 1

Arez of support - e Breahdown weight .

20 DY)
177 : 1
3900 ‘ 7

When the area over which loads were distributed was insressed 200
fold, the breakdown load imcreased only about two fold. Figure 1 also
shows the results of experiments with iwe of other thicknesses.

The breakdomn load e3sentinlly depends upon the thickness of the ice.
In view of the speoial practical importunce of this polnt, we asrried out
a large number of experimen‘s to invesiigate this relationship.

A portion of the experimsntai data is preseated in Tadle 2.
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Table 2

" hem - Pkg

0.15 0.5
0.2
0.45
1.2
1.25
1.35
1.6
2
2.45
2.5
1.5 +0.75
Flaky Ics
145 + 0.35
Flaky Iee
. 2-3 .
3 : =
3.3 © 162
36 . 220 p )
. 4 a5 \ "
6.5 -7 ST "
10.5 ; 2416 m :
0 36000 . ~150

U\\‘l:.ng
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The Pivst coluw lists the thinkness of the ic5, the second indicates
the ooz’res;andi:xg braskdown ]::adc», whila the third colum gives the radius
of thu aupno

The point corresponding to a thickness of ice of 1.0 om w3 obtainoad
by placing various tanks on the ice.

The data in Table 2 is illustrated graphically in Figure 2 (appendad).
The thickness of the ice is charted on the horisontal axis; the breakdown
loads on the verticsl axis. FPoints ocorrusponding to grrater thickness of
ics rre mot plotted on this grepl rince thoy would noi fit intw the scals.
Howaver, these pointa, as well as the otr:Es, are properly placed in.a
parsbolic relation:
where G'=20,11'Piaexpremdinkgandhincm.

Expsrmnts nith the breskdown of ice were carried out at widely
difforent temperatures (from 0° C to 20° C). In all casus o :
results were obtaingd. Apparently, the effect of atmoapheric tomperature
on the bregkdomn load within these limits was practically nil,

As indivcated in experiments with plastic deformation described in the
article, wmder rupid epplication of the loeds, breskdom oocurs
with distinot deformations corresponding to the given thickness of the
ice. From a comperison of the valuss of the meximum sag causing breakdown
in the-ocases of plastic and of elastic deformation, it appeers that the two
are about the same, as shown in Table 3. .
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Thickness Meximm Sag Duaring Haximm Sag During
.of Ice . Elastic Deformation Plastic Deformtion
"~ (em) " (cm) o (em)
1 2-3 . . 2-3

5 5 S 5
10 9 : -
- 40 ) - Y

_ Thus, the breakdomn of ice 1s determined by the extent of the deforma- B
tion, both in the case of rapid application of loads and in the case of
slow lsveloprent of plastie deforration under the action of smell loads,

Fron the foregoing, 1t can be concluded that the extent of the defor-
mtion 13 related to the specific carrying capacity of ies under static

The cerrying capacity of ice must he determined by the combined total
effest of the elastic and plastic doformetions. Figure 3 (appended) shows .
the devolopment of the total deforzation (F). The doformation is charted
on the vertical axis; time on the horizontal exis. A load 1s applisd to
the 10 up to momont t,. The ice deforms elssticelly at point £ , Then,
in dug time, if the load is not removed, .a continmoua inorease of plastic .
deformation results, The breakdomn point will be determined, in the crse KN

tion and smli plastic dexormation : . -
Under emall loeds ‘

which develaps very slomly, in ouwr experiments, ise with a-
thickness of 40 cm under a weight of 5.5 tons displayed a yrimary dofor-
mation of 1, em at the end of an 8-dsy. poried,

) It appesrs to us that this schemo for irvestigating deformations

Provides a solution to the problem of the carrying.capacity of ice by )

showing how its elastic end plastic relation may be caloulated. In some
rrying capacity of ice may bo caloulated

lie were assisted in this work by Ivanov, Kolokol'tagy and Rozhanskaya,
sofentiats of the GUMS. We take this ocession to oxpress to them our
appreciation, : ' .

Summry

1. Presentation of dats on the relotion of breakdown losd to ths
thickness of ice with g constant surgice distribution of load.” It was
abown that, with ice from 0.15 t0 40 en thick, the relationship variee aa
the aquare of the thicknees,

2. Presentation of dete on the ralation of breskdown load to the
area of distribution of load for ice with a thickness of 1.5 am,

3. It 43 snown that, with prolonged applicuﬂor nf the ioads, ths
oaxTying capacity of ice is deternined by the combined teta? of slastic
end plastic deformation, : : ~ :
Lopsated tigures foliou]

- b .

TEMPIOSRS.

T -_ : .
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'APPENDED FIGURES
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Figure 2

Circles - Experimenta’. date.
Triangles - Parabolic pointe
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